Background and Purpose-Immediately calling an ambulance is the key factor in reducing time to hospital presentation for adult stroke. Little is known about prehospital care in childhood arterial ischemic stroke (AIS). We aimed to determine emergency medical services call-taker and paramedic diagnostic sensitivity and to describe timelines of care in childhood AIS. Methods-This is a retrospective study of ambulance-transported children aged <18 years with first radiologically confirmed AIS, from 2008 to 2015. Interhospital transfers of children with preexisting AIS diagnosis were excluded. Results-Twenty-three children were identified; 4 with unavailable ambulance records were excluded. Nineteen children were included in the study. Median age was 8 years (interquartile range, 3-14); median Pediatric National Institutes of Stroke Severity Scale score was 8 (interquartile range, 3-16). Emergency medical services call-taker diagnosis was stroke in 4 children (21%). Priority code 1 (lights and sirens) ambulances were dispatched for 13 children (68%). Paramedic diagnosis was stroke in 5 children (26%), hospital prenotification occurred in 8 children (42%), and 13 children (68%) were transported to primary stroke centers. Median prehospital timelines were onset to emergency medical services contact 13 minutes, call to scene 12 minutes, time at scene 14 minutes, transport time 43 minutes, and total prehospital time 71 minutes (interquartile range, 60-85). Conclusions-Emergency medical services call-taker and paramedic diagnostic sensitivity and prenotification rates are low in childhood AIS.
P
aramedics are the first point of contact in ≤57% of children 1 and play a key role in stroke identification, assessment, and triage. There are little data on the impact of paramedic care on diagnosis of childhood arterial ischemic stroke (AIS). 2 We aimed to describe patterns and timelines of prehospital care and to determine emergency medical service (EMS) call-taker and paramedic diagnostic sensitivity, in ambulance-transported children with first AIS. We hypothesized that EMS call-taker and paramedic identification of childhood stroke is suboptimal.
Methods
Children aged 1 month to 18 years, presenting with first AIS from 2008 until 2015, were retrospectively identified by an institutional stroke registry and International Classification of Diseases Tenth Revision searches. Ambulance-transported cases were identified by review of hospital records and cross-checked by searching the Ambulance Victoria database. Children presenting by private transport to the first hospital, who were ambulance transported to the tertiary center (Royal Children's Hospital Melbourne), were excluded.
EMS call-takers, who are high school-educated nonmedical personnel, use the National Academy Medical Priority Dispatch System, with onsite paramedic support. Paramedics are tertiary degree qualified and Advanced Life Support trained. Certified adult stroke centers and noncertified pediatric hospitals meeting the same criteria, were considered as primary stroke centers for purposes of analysis. 3 Paramedic records were reviewed to collect (1) stroke symptoms, stated by caregivers, and documented by EMS call-takers or paramedics; (2) location and circumstances surrounding stroke event; (3) National Academy Medical Priority Dispatch System triage categorization 4 ; (4) paramedic assessment and diagnosis, including whether stroke was considered, (5) hospital prenotification, (6) use of lights and sirens, and (7) timelines of care. The Pediatric National Institutes of Stroke Severity Scale was used to determine stroke severity. 5 The Ambulance Victoria database was searched for children allocated EMS call-taker and paramedic stroke diagnoses. Results are presented descriptively; inferential statistics were not performed because of the small study sample size. EMS call-taker and paramedic diagnostic sensitivities were determined by comparison to final stroke diagnosis, based on radiologically confirmed infarction.
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Results
Fifty patients were identified by the searches; 23 patients (46%) were transported by ambulance, and the remainder had in-house strokes (13) or were transported by private transport (14). Ambulance records were unavailable for 4 children. Nineteen children were included; median age was 8 years (interquartile range, 3-14 years). Eleven children (58%) were female children; 3 children (16%) had congenital heart disease. Eleven children (58%) were at home, 4 children (21%) were at school, and 4 children (21%) at other locations at symptom onset. All but one child had sudden symptom onset; 12 children (63%) had a Pediatric National Institutes of Stroke Severity Scale score ≥6. Neuroimaging showed anterior circulation infarction in 17 children, posterior circulation in 1 child, and both circulations in 1 child. Arm and leg weakness were the most common caregiverreported symptoms (Figure 1 ), but the word stroke was mentioned in only 4 children. Call-taker diagnosis was stroke in 4 children (21%) (Figure 2 ). Priority code 1 (lights and sirens) ambulances were dispatched for 13 children (68%), including those allocated an EMS stroke diagnosis. Identification of signs by paramedics was better than that by parents for motor and speech deficits (Figure 2 ). Final paramedic diagnosis was stroke in 5 children (26%). Paramedics prenotified hospital arrival in 8 children (42%). Ten children (53%) were initially transported to metropolitan and 9 to nontertiary hospitals. Thirteen children (68%) were transported to hospitals meeting primary stroke center criteria (6 adult and 7 pediatric centers). 5 Median prehospital lag time was 71 minutes, whereas time from hospital arrival to radiological confirmation of AIS (requiring magnetic resonance imaging in 17/19 cases) was 568 minutes (Table) .
EMS call-takers allocated a stroke diagnosis in 1228 children (National Academy Medical Priority Dispatch System chief complaint code 28) but only 46 received a paramedic diagnosis of stroke. Final diagnosis data were available for 11 children transported directly to Royal Children's Hospital Melbourne; 2 children received a final diagnosis of stroke (83% were false positives).
Discussion
The overwhelming message from adult stroke care is that reducing time from symptom onset to initial treatment is critical to maximize brain salvage and improve outcomes. The Thrombolysis in Pediatric Stroke study failed to recruit patients because few eligible children were diagnosed within 4.5 hours. 6 Improved recognition of stroke in the prehospital setting is important to decreasing time to stroke diagnosis because ambulance usage is the most important factor contributing to shorter hospital arrival times in adults. 7 Key components of prehospital stroke care include symptom identification by EMS call-takers and paramedics, stabilization, hospital prenotification, and rapid transport to thrombolysis-capable stroke centers. EMS call-taker diagnosis was stroke in 21% of children, considerably below the 41% to 83% rates reported in adults. 4, 9 Ambulance dispatch involves a complex interaction between the caller and the EMS call-taker. Algorithm selection is influenced by the caller's description of the problem and call-taker questions. With only 1 in 2 caregivers mentioning stroke, limited public awareness of childhood stroke may be a contributor to the low EMS call-taker diagnostic sensitivity.
Arm or leg weakness were commonly reported by caregivers, which is similar to adults. 10 Sensory symptoms were commonly reported among children, whereas they are rarely mentioned in adults. 10 Allocation of high EMS priority reduces prehospital and in-hospital delays and increases thrombolysis rates in adults. 11 A priority code 1 ambulance was dispatched for 68% of children, notwithstanding the low stroke recognition rates among EMS call-takers.
Paramedic diagnosis was stroke in 26% of children, well below the 44% to 66% rates reported in adults. 9, 12 Low diagnostic sensitivity may be because the possibility of stroke in children is not considered in paramedic clinical practice guidelines, and this represents a potential target for intervention. As expected, paramedic identification of specific stroke symptoms was better than caregivers but lower than Emergency Department physicians. Prenotification, which occurred in 42% of children, decreases time to first medical assessment and increases thrombolysis rates in adults. 11, 13 Transport to adult or pediatric primary stroke centers, which occurred in 68% of children, also increases thrombolysis rates. 13 Median time from symptom onset to hospital arrival was 71 minutes, whereas postarrival time to radiological confirmation of diagnosis was 568 minutes, confirming previous findings that most delays occur after hospital arrival.
The study has limitations. Diagnostic specificity was not determined because data were not obtained on true negative ambulance-transported cases with stroke-like symptoms. The small sample size limited our ability to explore factors associated with better EMS call-taker and paramedic stroke recognition-such as stroke severity-or the influence of correct diagnosis on prehospital timelines of care. Ambulance call audio tapes were unavailable to assess caregiver-provided information. Nonetheless, this study provides novel data about prehospital emergency care of childhood AIS.
In conclusion, EMS call-taker and paramedic childhood AIS diagnostic sensitivity and prenotification rates are much lower than those reported for adults, but almost two thirds of ambulance transports were allocated a high-priority response. Parental stroke education, and inclusion of childhood stroke in EMS call-taker algorithms and paramedic clinical practice guidelines, deserves further study to improve prehospital recognition of childhood stroke.
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